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Study of the shared gene
signatures of polyarticular
juvenile idiopathic arthritis and
autoimmune uveitis

Jie Zheng †, Yong Wang † and Jun Hu*

Department of Pediatrics, Fujian Medical University Union Hospital, Fuzhou, Fujian, China
Objective: To explore the shared gene signatures and potential molecular

mechanisms of polyarticular juvenile idiopathic arthritis (pJIA) and autoimmune

uveitis (AU).

Method: Themicroarray data of pJIA and AU from the Gene Expression Omnibus

(GEO) database were downloaded and analyzed. The GEO2R tool was used to

identify the shared differentially expressed genes (DEGs) and genes of

extracellular proteins were identified among them. Then, weighted gene co-

expression network analysis (WGCNA) was used to identify the shared immune-

related genes (IRGs) related to pJIA and AU. Moreover, the shared transcription

factors (TFs) and microRNAs (miRNAs) in pJIA and AU were acquired by

comparing data from HumanTFDB, hTFtarget, GTRD, HMDD, and miRTarBase.

Finally, Metascape and g: Profiler were used to carry out function enrichment

analyses of previously identified gene sets.

Results: We found 40 up-regulated and 15 down-regulated shared DEGs via

GEO2R. Then 24 shared IRGs in positivity-related modules, and 18 shared IRGs in

negatively-related modules were found after WGCNA. After that, 3 shared TFs

(ARID1A, SMARCC2, SON) were screened. And the constructed TFs-shared DEGs

network indicates a central role of ARID1A. Furthermore, hsa-miR-146 was found

important in both diseases. The gene sets enrichment analyses suggested up-

regulated shared DEGs, TFs targeted shared DEGs, and IRGs positivity-correlated

with both diseases mainly enriched in neutrophil degranulation process, IL-4, IL-

13, and cytokine signaling pathways. The IRGs negatively correlated with pJIA

and AU mainly influence functions of the natural killer cell, cytotoxicity, and

glomerular mesangial cell proliferation. The down-regulated shared DEGs and

TFs targeted shared DEGs did not show particular functional enrichment.

Conclusion: Our study fully demonstrated the flexibility and complexity of the

immune system disorders involved in pJIA and AU. Neutrophil degranulationmay

be considered the shared pathogenic mechanism, and the roles of ARID1A and

MiR-146a are worthy of further in-depth study. Other than that, the importance

of periodic inspection of kidney function is also noteworthy.

KEYWORDS

arthritis, juvenile rheumatoid, autoimmune uveitis, genetic effects, immune system
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1 Introduction

Juvenile idiopathic arthritis (JIA) is the most common chronic

rheumatic disease in children, including a group of diseases with

different genetic backgrounds, etiology, and outcomes. Due to a

large heterogeneity and unknown etiology, its classification criteria

have been modified several times with the changing of people’s

recognition, and the latest edition is still in progress (1).

Autoimmune uveitis (AU) is a complex intraocular inflammatory

disease caused by several etiological entities. Some of the uveitis’

entities manifest nonspecific or atypical clinical presentation. The

majority of pediatric uveitis is noninfectious uveitis. JIA is the most

commonly associated condition with noninfectious uveitis.

Likewise, chronic anterior uveitis that affects predominantly the

iris and ciliary body is a common extra-articular manifestation of

JIA (2).

Polyarticular juvenile idiopathic arthritis(pJIA) is the second

most common form of JIA, with chronic anterior uveitis as its most

common and severe extra-articular manifestation (3, 4). Owning to

insidious symptoms of eye damage, it is strongly suggested that slit

lamp examination should be performed frequently for quite a long

time (every 3 months for at least 5 years) in early onset JIA patients

to diagnose uveitis before complications develop (5). Hence, it is of

clinical and economic significance to identify uveitis early if

comorbid with JIA.

With advances in sequencing and genotyping methodology,

genetic studies have enhanced our understanding of disease

etiology. The interplay of genetic and environmental factors is

considered important for the onset of both diseases. For example,

they have been reported to both be strongly associated with major

histocompatibility complex (MHC) genes that encode the a chains

of the MHC class I molecules human leukocyte antigen (HLA)-A,

HLA-B, and HLA-C and the a and b chains of the MHC class II

molecules HLA-DR, HLA-DP, HLA-DQ. Studies from several

GWAS reveal some shared alleles between uveitis and JIA,

especially in HLA-DR loci such as HLA-DRB1*11, *13 and HLA-

DR9, HLA-B27 (6–8).

Other than MHC genes, genetic factors affecting IL-23/Th17

pathway, Th2/Th1 cytokine balance, PD-1/PD-L1, NF-kB signaling

pathway, and NOD2 signaling pathway, etc. have also been reported

in both diseases (2, 9, 10). Notably, growing pieces of evidence have

supported the significant role of the IL-23/IL-17/G-CSF axis. The

most common susceptibility gene of several major noninfectious

uveitis outside the MHC region is IL23R, identified from some

recent GWASs studies (11). Moreover, peripheral blood

mononuclear cells (PBMCs) IL-23 protein and mRNA levels,

serum IL-17 level, IL-17A+ cells in the lamina propria were

found to be elevated in several different types of active

noninfectious uveitis patients, and IL-23/Th17 pathway cells are
Abbreviations: AU, autoimmune uveitis; DEG, differentially expressed genes;

GEO, gene expression omnibus; HLA, human leukocyte antigen; MHC, major

histocompatibility complex; MMP, metalloproteinases; MPO, myeloperoxidase;

PBMC, peripheral blood mononuclear cell; pJIA, polyarticular juvenile

idiopathic; TF, transcription factor; WGCNA, weighted gene co-expression

network analysis.
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thought to be the basis of a common pathophysiology of

noninfectious uveitis. Likewise, IL17+ T cells were found to be

enriched within the joints and peripheral blood of patients with

active JIA (12). It has been found in JIA patients that naive CD4+

cells can inappropriately become IL-17 producers under polarizing

conditions (13). The IL-23 receptor is not only a key checkpoint for

naive T cell to differentiate into pathogenic Th17 cells, but also

contribute to Th17 cell cytokine production, such as IL-17, IL-6,

interferon g, etc (6). Additionally, levels of IL-23 were found

upregulated in JIA patients and make a promising biomarker (14).

IL-17 could induce neutrophil-mediated inflammation in

animal models of uveitis, and growing bodies of evidence point

toward the role of neutrophils in uveitis and JIA (15–18). It has been

found that cathelicidin, released from neutrophil degranulation,

could not only induce Th17 cell differentiation but also promotes

the survival of Th17 cells (19). On the other hand, neutrophils also

exhibit autocrine IL-17 activity following IL-6 and IL-23

stimulation (20). Considering more effects of neutrophils have

been found in the immune regulation process, its role may

mature the theory of immune disorders in both diseases.

Due to the rapid progress of gene microarray technology, the

expression of a great many gene data can be analyzed conveniently.

Thus, we tried to use the weighted gene co-expression network

analysis (WGCNA), which has been successfully applied in various

biological contexts to identify common risk genes within multiple

disease phenotypes, to explore shared gene signatures associated

with pJIA and uveitis in wish to gain a better understanding of their

pathogenesis including the participating of MHC, IL, and

neutrophils from the genetic level.
2 Material and methods

2.1 GEO datasets download and processes

We used the Medical Subject Headings “Arthritis, Juvenile

Rheumatoid polyarticular onset” or “autoimmune uveitis” to

search JIA and uveitis gene expression profiles in the GEO

database. PBMCs form a critical part of the immune system

which is important in the pathogenesis of pJIA and AU. Hence,

we searched gene expression files that used PBMC as their

sequencing organization to study their underline mechanism. The

obtained datasets were filtered by the following criteria: 1. the gene

expression profiling must include pJIA, AU, and controls. 2. the

organization used for sequencing should be PBMC. 3. the number

of samples used for WGCNA should be more than 15 to ensure the

accuracy of the WGCNA. Finally, the GEO datasets numbered

GSE66936 (21) and GSE55319 (22) were selected. Table 1 provides

a detailed overview of their information.
2.2 Identification of shared differentially
expressed genes

GEO2R (https://www.ncbi.nlm.nih.gov/geo/geo2r), the official

tool of the GEO database based on linear models for microarray
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analysis for comparing samples in GEO to identify differentially

expressed genes (DEGs) across experimental conditions, was used

to explore the DEGs in GSE66936 and GSE55319 to find the shared

genetic effects of pJIA and AU. To provide a good balance between

the discovery of statistically significant genes and the limitation of

false positives, the Benjamini-Hochberg false discovery rate method

is selected and an adjusted “P value < 0.05” was set as the threshold

for screening of the DEGs.
2.3 Weighted gene co-expression network
analysis of immune-related genes

ImmPort was a database that collects data from clinical and

mechanistic studies with a primary focus on allergy, autoimmune

diseases, infection responses, transplantation, and vaccine

responses created by the National Institute of Allergy and

Infectious Diseases (23). The immune-related genes (IRGs) were

downloaded from the ImmPort database considering abnormal

autoimmunity is both an important feature of pJIA and AU and

forms a critical part of their common mechanism. After eliminating

duplicate genes, 1793 IRGs were obtained (Supplementary Table 1).

Then, we selected the IRGs of GSE66936 and GSE55319 for

WGCNA, an algorithm widely used to find co-expression gene

modules with high biological significance, to explore the

relationship between screened gene networks and diseases

according to the spearman correlation coefficient (24). ImageGP

(http://www.ehbio.com/ImageGP, accessed around July 2022), a

web application with a high-level web framework used for

backend data preprocessing and analysis mostly based on the R

programming language, was employed to perform it (25). We

adjusted the parameters appropriately as follows to avoid

redundant modules: the minModuleSize was 25 in the WGCNA

of pJIA and 50 in AU, and the deepSplit was 1.5. Other parameters

in this study were described below: networkType = “signed” and R

square cut = 0.85. Finally, the expression profiles of each module

were summarized by the module eigengene and the correlation

between the module eigengene and clinical features was calculated.

The modules that have a high correlation coefficient with clinical

features were focused and the genes in these modules were selected

for subsequent analyses.
2.4 The common transcription factors-
shared DEGs network construction

In order to explore key transcription factors (TFs) from shared

DEGs that can affect interested genes expression, a list of 1665 TFs

was downloaded from HumanTFDB which is one of the most
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comprehensive TF databases of genome-wide TFs and cofactors

(26) (Supplementary Table 2). After that, hTFtarget, a database

integrates human TF target resources and related epigenetic

modification information from GEO, NCBI Sequence Read

Archive, and ENCODE (27), and The Gene Transcription

Regulation Database(GTRD) which provides uniform annotation

and integrative analyses of all NGS data from GEO and NCBI

Sequence Read Archive (28) were used to obtain the targeted genes

of interested TFs. The TFs-shared DEGs network was generated by

Cytoscape (3.9.0). In the visual network, nodes of ellipse shape

represent TFs (who can also be targets), and nodes of diamond

shape imply purely targets. Besides, the red color suggests up-

regulated genes and the blue color means down-regulated genes.
2.5 The common microRNAs-shared DEGs
network construction

MicroRNAs (miRNAs) are a group of small non-coding RNAs

and have been demonstrated to negatively modulate gene expression.

We further explored the roles of miRNAs in the regulation of risk

genes in AU and pJIA. HMDD is a database containing experiment-

supported evidence for human miRNA and disease associations, in

which the terms “Juvenile Rheumatoid Arthritis” and “Uveitis” were

selected to obtain the AU-associated and pJIA-associated miRNAs

(29). After that, the target genes of hsa-miR-146 were identified by

miRTarBase, which is an informative resource for experimentally

validated miRNA-target interactions (30).
2.6 The function enrichment analysis of
gene sets

We used metascape (http://metascape.org) and g: Profiler

(https://biit.cs.ut.ee/gprofiler), which are both reliable services

based on up-to-date high-quality data for functional annotation,

to expound promising signaling pathways correlated with gene sets

(31, 32). The specie was limited to “Homo sapiens”, and the cut-off

p-value was set as 0.01 for enrichment analysis when doing the

Reactome (REAC) enrichment analysis in metascape. The

parameters of g: Profiler were set as follows: the specific organism

was chosen “H. sapiens”, the tailor-made algorithm “g: SCS

threshold” was selected as the method for multiple testing

correction, and the user threshold was 0.05. The biological

pathways used were the Kyoto Encyclopedia of Genes and

Genomes (KEGG), Human Phenotype Ontology (HP), and

WikiPathways (WP) databases. The Comprehensive Resource of

Mammalian protein complexes (CORUM) was selected as the

protein database used for analysis.
TABLE 1 Information of GEO datasets selected.

GSE number Platform Samples Source Disease

GSE66936 GPL570 4 patients VS 17 controls PBMC AU

GSE55319 GPL6884 26 patients VS 19 controls PBMC pJIA
fron
tiersin.org
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3 Results

3.1 The shared DEGs in pJIA and AU

There were 40 common up-regulated genes and 15 common down-

regulated genes in pJIA and AU (Figure 1), which were defined as

shared DEGs. Then those that code extracellular proteins were scanned.

As is shown in Figure 2, most DEGs exert their functions extracellularly.

Other than that, we found all shared DEGs code extracellular proteins.
3.2 The WGCNA of IRGs

As shown in Figure 3, 11 modules were identified both in AU

and pJIA. The heat maps about module–trait relationships that

evaluate the associations between each module and disease were

displayed. The blue, brown, and purple modules in AU and the

yellow and black modules in pJIA were selected for further study

respectively according to their spearman’s rank correlation r is

more than 0.4(P<0.05).

The blue module was positively correlated with AU, including

234 genes. And, the brown and purple modules were negatively

correlated with AU, including 309 genes in total. Similarly, 62 genes
FIGURE 2

Relationship between differentially expressed genes and genes
encoding extracellular proteins.
FIGURE 1

Differentially expressed genes in pJIA and uveitis. Up-regulated shared DEGs: MMP9, IGF2R, CYP4F3, SORL1, LRP10, PLCG2, WNK1, TPP1, ALOX5,
FNBP1, ATP6V0A1, WAS, ARID1A, TGOLN2, UBA1, LBR, CAPN1, SYK, IL6R, RBM10, MED16, GAK, ACTN4, SNX27, COPA, CD99L2, APAF1, CBL, GLG1,
DEF6, ANKRD11, PRKCSH, SMARCC2, KIDINS220, N4BP1, CNOT1, STK38, FDFT1, WDR37 SON. Down-regulated shared DEGs: RPAIN, DYNLRB1,
MRPS18C, TMEM134, SEC61B, CCT2, FAM76B, MGST3, HNRNPC, RABEP1, BOLA2, TTC38, CREBRF, NDUFB7, SUZ12.
frontiersin.org
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were positively correlated with pJIA in the black module, while 78

genes were negatively correlated with pJIA in the yellow module

(Supplementary Table 3). There were 24 shared IRGs in positivity-

related modules of both diseases, and 18 shared IRGs in negatively-
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related modules were found (Figure 4). Furthermore, by comparing

shared DEGs, 6 IRGs (MMP9, IGF2R, PLCG2, SYK, IL6R, CBL)

were identified in the up-regulated shared DEGs, while only 1 IRG

(RABEP1) was found in the down-regulated shared DEGs.
FIGURE 4

The immune-related genes found correlated with pJIA and uveitis. Shared IRGs in positivity-correlated modules: IGF2R, GRN, ZYX, PLCG2, CYBB,
IL4R, TYK2, CD4, IKBKG, ADAR, SYK, TPM2, CMTM7, AHNAK, SEMA4D, INPP5D, ZC3HAV1, CMTM3, VIPR1, PSME3, PSMD2, ACVR1B, ACO1, TGFB1.
Shared IRGs in negatively-correlated modules: KIR2DL1, KIR2DL4, NCR3, NENF, KIR3DL1, CXCR6, KIR2DL5A, CACYBP, KIR3DL3, IL22, PDGFD, NCR1,
PAEP, GHRHR, RORA, PDGFB, JAG2, IL17C.
FIGURE 3

Weighted gene co-expression network analyses concerning immune-related genes associated with pJIA and uveitis. r value (P value); ME,
module eigengene.
frontiersin.org
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3.3 The common TFs- shared DEGs
network construction

As can be seen from Figure 5, ARID1A, SMARCC2, and SON

were the TFs identified in the shared DEGs, and they are related to

the expression of 45 shared DEGs. There were 32 up-regulated

shared DEGS, including the 3 TFs, and 13 down-regulated shared

DEGs in the network. ARID1A is at the center of the TFs-shared

DEGs network and targets all other TFs.
3.4 The miRNA targeted shared DEGs

According to the HMDD database, hsa-miR-146 is the only

miRNA that is related to AU and pJIA simultaneously. Among

those targeted genes identified by miRTarBase, 131 were up-

regulated DEGs of AU, and 20 were that of pJIA. Meanwhile, 120
Frontiers in Immunology 06
targeted genes of hsa-miR-146 were down-regulated DEGs of AU,

and 16 were that of pJIA (Supplementary Table 4).
3.5 The functional analyses of gene sets

The functional analyses of sets positively correlated with both

diseases were performed respectively. Results indicate that up-

regulated shared DEGs are involved in the functions of IL-4, IL-

13, RHO GTPase, Miro GTPases and RHOBTB3, RAC1 GTPase,

neutrophil degranulation, and Fc g receptor(FcgR). The IRGs were
mostly enriched related to macrophage activation, expression of

chemokine receptors during T-cell polarization, positive regulation

of calcium-mediated signaling, IL-3, IL-4, and IL-13 pathway, Th17,

Th1, and Th2 cell differentiation, NF-kB, RUNX3, BCR, TCR,
FcϵRI, class I MHC, MAPK family signaling cascades, neutrophil

degranulation, cell-cell adhesion, etc. Targets of the 3 TFs in the

shared DEGs also have a close relationship with RHOGTPase, Miro

GTPases, and RHOBTB3, neutrophil degranulation. As shown in

Figure 6, the neutrophil degranulation process is associated with all

the gene sets positively correlated with both diseases.

On the other hand, gene sets negatively correlated with both

diseases were also taken into functional analyses, but down-

regulated shared DEGs and those TFs targeted genes did not

show any particular functional enrichment. However, results

imply that the IRGs might influence the functions of natural

killer cells and cytotoxicity. Interestingly, they were also enriched

in the pathway of glomerular mesangial cell proliferation.

Then we explored the specific function pattern of hsa-miR-146

targeted genes. The up-regulated targeted DEGs in pJIA are related

to neutrophil degranulation, Fc, tyrosine kinases, and interleukins,

and those in AU were enriched mainly in interferon a/b, interferon
g, Rho GTPases, Miro GTPases, and RHOBTB3, metalloprotease

class of deubiquitinases, RUNX1, etc. However, the down-regulated

targeted DEGs in pJIA exerted function in interferon a/b, and those
in AU are related to tyrosine kinases, Miro GTPases and

RHOBTB3, RHOC GTPase, Rho GTPases, TGF-b, kidney
FIGURE 6

Functional analyses of gene sets positively correlated with both pJIA and uveitis.
FIGURE 5

Transcription factors - shared differentially expressed genes
regulatory network. Red: Up-regulated shared DEGS; Blue: Down-
regulated shared DEGs.
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development, I-kB kinase/NF-kB signaling, MAPK cascade, MHC

class II antigen presentation, PI3K/AKT signaling, cell adhesion,

and so on (Supplementary Table 5).
4 Discussion

The pathogenesis of JIA and AU has not been fully understood.

One of the widely accepted hallmarks of the pathology of JIA is the

expansion of inflamed synovial tissue or pannus, while synechia,

edema, and angiogenesis are thought to be important in the

pathology of AU (33). In this study, we found that most shared

DEGs codes secreted proteins that exert their effects extracellularly

which may have wide-reaching effects on multiple cells. It also fits

the hypothesis that acquired and innate immunity disorders, which

usually function by cell secretion, play important role in the

common mechanism of pJIA and uveitis. We also found that not

only IRGs correlated with both diseases but also up-regulated

shared DEGs including TFs-targeted shared DEGs are associated

with neutrophil degranulation.

Studies have shown that neutrophils could play important roles

in autoimmune disease. It has been wildly understood that

extracellular degranulation functions as a double-edged sword. The

antimicrobials contained within granules can not only kill bacteria

but also damage host tissue. Neutrophil granules contain 4 main

types, namely secretory, tertiary (gelatinase), secondary (specific), and

primary (azurophilic) granules. The primary granules contain

neutrophil elastase, myeloperoxidase (MPO), azuracidin, and

defensins. The secondary granules contain metalloproteinases

(MMP), lactoferrin, cathelicidin, and lipocalin 2. The tertiary

granules contain gelatinase, arginase 1, and lysozyme. Lastly, the

secretory vesicles contain cytokines, albumin, and membrane

receptors (Fc and complement receptors). Among them, primary

granules that require the greatest stimulus for release contain the

most pro-inflammatory and antimicrobial proteins, while secretory

granules are released readily to replenish cell surface receptors.

Additionally, most primary and secondary granule release is

directed to the phagosome to minimize host tissue damage. Thus,

the mechanisms that regulate neutrophil degranulation are important

in maintaining proper immune homeostasis and avoiding

tissue damage.

Initiation of neutrophil degranulation requires an adhesion-

dependent signal that involves b2 integrins. Degranulation of

azurophilic granules requires primed neutrophils that typically

present enhanced generation of ROS by the NADPH oxidase. The

NADPH oxidase complex whose morphology changed with the

active status of neutrophil contains both RHO and Rac. We also

found that up-regulated shared DEGs and TFs-targeted shared DEGs

affect signalings of Rho GTPases, Miro GTPases, and RHOBTB3 (34,

35). Rho GTPases family including Rho, Rac, Cdc42, and RhoD/

RhoF, are closely related to migration, adhesion, division, and

polarity of cells (36), which are also important in neutrophil

functioning. Fc receptors are an important component in the

secretory vesicles and play part in initiating its activation.
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Functions disorders of FcgR and FcϵR may affect the degranulation

of secretory vesicles, and impair the regulation of degranulation of the

other 3 types of neutrophil granules. NF-kB is a pivotal mediator of

inflammatory responses (37) whose activation cascade can be

induced by lactoferrin, an important component in secondary

granules (38). Other than that, a key component in primary

granules, MPO, can induce neutrophil activation by MAPK and

NF-kB activation. Thus, the dysregulation of NF-kB and MAPK

pathways in pJIA and AU is also closely related to neutrophil

functions, and neutrophil degranulation in particular.

It has been widely known that the imbalance of Th17, Th1, and

Th2 cell and their related cytokines are important in the mechanism

of autoimmune diseases. Studies have found that the main

regulators of acquired and innate immunity are up-regulated in

active JIA patients, including a group of interferon-induced genes.

IFN-g was significantly elevated in the serum of active patients,

suggesting the imbalance of the Th1/Th2 immune response (39, 40).

Previews studies have revealed that mechanisms of AU are closely

related to enhanced activity of the IL-23/IL-17 pathway (41).

Likewise, previous studies concerning noninfectious uveitis have

found that various proinflammatory cytokines such as IL-1, IL-2,

IL-6, IL-15, IFN-g, TNF-a, IL-17, IL-23, IL-8, MCP-1, MIP-1b, IL-
10, TGIF-b were elevated in serum, aqueous humor or vitreous (42).

It is worth noting that IL-2, IL-6, IL-13, IL-18, IFN-g, and TNF-a
were significantly higher in the aqueous humor of children with

JIA-associated autoimmune uveitis. Due to the higher incidence of

AU onset, genetic studies mainly focused on RF-negative

polyarthritis and oligoarthritis. Previous research concentrating

on MHC found some shared alleles including also HLA, LXR,

PD-1, PD-L1, IL-23R, TLR, PIP1, and PTPN (2). Moreover, IL-8,

sICAM-1, and S100A12 have also been seen as potential biomarkers

for JIA-associated autoimmune uveitis (43, 44). Our analyses of

shared DEGs and IRGs indicated the disturbance of IL-2, IL-3, IL-4,

IL-6, IL-10, and IL-13 are important in the pathogenesis of pJIA and

AU too. These cytokines are all closely related to Th2 cells apart

from IL-3, which stimulates hematopoiesis.

We also found potential roles in pJIA and AU of BCR, TCR,

RUNX3, Class I MHC, RANKL/RANK signaling pathway,

macrophage activation, calcium-mediated signaling, etc. Previous

studies found shared HLA class I and class II loci alleles between

AU and JIA indicating that both B cell and T cell functions are

important in the common mechanism. Besides, neutrophils can

activate naive CD8+ T lymphocytes via MHC class I antigen

presentation as well as modulate B lymphocyte activation by

secreting cytokines such as the B-cell-activating factor of the TNF

family. RUNX3 is also involved in the development of CD8+ T

lymphocytes. Furthermore, macrophages can acquire antigens via

phagocytosis of neutrophils. RANKL/RANK is closely related to

osteoclast by activation NF-kB pathway. Interestingly, several

reports have described zoledronic acid that function by

specifically suppressing NF−kB and JNK signaling could induce

acute anterior uveitis (45). Previous study also found evidence

showing that calcium-mediated signaling plays a key role when

MPO stimulates neutrophils via the tyrosine kinase pathway.
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Another interesting finding is that WGCNA of IRGs suggests

that pJIA and AU are somehow related to kidney function like

glomerular mesangial cell proliferation. Chronic kidney disease is a

potential risk factor for uveitis based on a long-term population-

based cohort study in TaiWan (46). Likewise, Gicchino et al. (47)

found that about 8% of the children with JIA developed

hypertension or chronic kidney disease. This is correlated with

several previous reports suggesting that JIA patients could develop

kidney damage due to renal amyloidosis or focal segmental

glomerulosclerosis, etc (48, 49). These findings demonstrate the

importance of periodic inspection of kidney function in those

patients who committed pJIA and uveitis.

ARID1A, also known as BAF250A, is at the center of the TFs-

shared DEGs network. It is a critical component of the mSWI/SNF

complex and participates in numerous physiological processes

including hematopoiesis, cell proliferation, migration, endothelial

tube formation, angiogenesis, etc (50). Angiogenesis is considered

to be an important early step in the pathogenesis of JIA (51), and is

also involved in the mechanisms of uveitis (52). A recent study

proved evidence that it’s also critical in JIA-associated autoimmune

uveitis (53). It is worth noting that ARID1A was also found playing

important role in T-cell development (54, 55), while its expression

in B cells was found to regulate levels of IgE and IgG (56).

Moreover, ARID1A has been found to induce antiviral IFN-I

production in macrophages as well (57). It also exerts function in

NF-kB and PI3K dependent manner. Those above-mentioned

processes are all important in both pJIA and AU. Although

today’s study about ARID1A mostly concerns malignant tumors,

evidence of its role in autoimmune diseases like inflammatory

bowel disease has been described recently (58).

We also found that both JIA and AU are related to hsa-miR-

146, which was thought of as an NF-kB-dependent gene and an

inhibitor that targets signaling proteins of innate immune

responses. It could suppress pro-inflammatory cytokines in

myeloid cells and T cells by regulating the expression of

molecules in pathways including NF-kB. Interestingly, previous
studies concerning pJIA and uveitis drew some controversial

conclusions. Most studies found miR-146a was upregulated in

JIA, but downregulated in uveitis.

MiR-146a was found to correlate with the disease activity of JIA

like the JADAS score. Kamiya et al. also found a correlation between

serum miR-146a and MMP-3 in pJIA patients (59). A possible

explanation of the positive correlation between miR-146a and JIA

might be that the increase of miR-146a aims to inhibit aberrant

inflammation but could not block or reverse all the effects.

Theoretically, with the up-regulation of miR-146a, its target genes

should be downregulated. The up-regulated target DEGs of miR-

146a in pJIA could the those whose expression failed to be

repressed. And their functions are enriched in neutrophil

degranulation, Fc, and interleukins, which also play roles in the

pathogenesis of pJIA based on previous findings. Likewise, some

previous research considered up-regulating of miR-146a as a

secondary change to cope with immune disorders in JIA (60, 61).

Down-regulating of miR-146a was thought of as taking part in

the mechanisms of AU. Targeted genes of miR-146a were thus up-
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regulated and enriched in previews mentioned underline

pathogenesis of uveitis such as interferon a/b, interferon g, Rho
GTPases, Miro GTPases, and RHOBTB3, metalloprotease class of

deubiquitinases, RUNX1. However, down-regulated targeted DEGs

in AU are also related to some factors that are involved in the

pathogenesis of AU such as NF-kB, TGF-b, RHOC GTPase, Rho

GTPases, Miro GTPases, and RHOBTB3. It suggested that there

should be other mechanisms in the pathogenesis that could

compensate effects of miR-146a on those targeted genes.

Functions of Rho GTPases are enriched in both up and down-

regulated targeted DEGs. The reason might be their expression

varies over time and space according to the findings of Watanabe

et al. (62).

Our study demonstrated the flexibility and complexity of the

immune system disorders involved in autoimmune diseases like JIA

and AU. But the study has some limitations. Firstly, the sample size

included in our study was quite small. Secondly, some possible

confounders of the data were not included in the matrix files (like

sex, age, age at onset, disease activity, batch, and so on) and thus the

underline bias cannot be controlled. Thirdly, our results only

indicate the importance of neutrophil degranulation in their

common parthenogenesis, but the mechanism of neutrophil

degranulation participating in the pathological process has not

been thoroughly studied, which limits the theoretical basis of the

application of its markers such as cathelicidin and MPO in the

diagnostic process. Likewise, the effectiveness of the ARID1A and

MiR-146a levels in the distinction of their associated comorbidities

also needs to be verified.
Conclusion

Taken together, neutrophil degranulation can be considered a

shared pathogenic mechanism of pJIA and AU. Moreover, the roles

of ARID1A and MiR-146a are worthy of further in-depth study and

could be potential therapeutic targets. Other than that, the

importance of periodic inspection of kidney function is

also noteworthy.
Data availability statement

Publicly available datasets were analyzed in this study. This data

can be found here: https://www.ncbi.nlm.nih.gov/geo/query/

acc.cgi?acc=GSE66936; https://www.ncbi.nlm.nih.gov/geo/query/

acc.cgi?acc=GSE55319.
Author contributions

JZ developed theoretical formalism, performed the analytic

calculations. YW performed data curation, and visualization. JH

supervised the project and is responsible for the overall content as

guarantor. All authors contributed to the article and approved the

submitted version.
frontiersin.org

https://www.ncbi.nlm.nih.gov/geo/query/acc.cgi?acc=GSE66936
https://www.ncbi.nlm.nih.gov/geo/query/acc.cgi?acc=GSE66936
https://www.ncbi.nlm.nih.gov/geo/query/acc.cgi?acc=GSE55319
https://www.ncbi.nlm.nih.gov/geo/query/acc.cgi?acc=GSE55319
https://doi.org/10.3389/fimmu.2023.1048598
https://www.frontiersin.org/journals/immunology
https://www.frontiersin.org


Zheng et al. 10.3389/fimmu.2023.1048598
Conflict of interest

The authors declare that the research was conducted in the

absence of any commercial or financial relationships that could be

construed as a potential conflict of interest.
Publisher’s note

All claims expressed in this article are solely those of the authors

and do not necessarily represent those of their affiliated

organizations, or those of the publisher, the editors and the
Frontiers in Immunology 09
reviewers. Any product that may be evaluated in this article, or

claim that may be made by its manufacturer, is not guaranteed or

endorsed by the publisher.
Supplementary material

The Supplementary Material for this article can be found online at:

https://www.frontiersin.org/articles/10.3389/fimmu.2023.1048598/

full#supplementary-material

SUPPLEMENTARY TABLE 3

Positive and negative correlation modules with pJIA or Uveitis.
References
1. Martini A, Ravelli A, Avcin T, Beresford MW, Burgos-Vargas R, Cuttica R, et al.
Toward new classification criteria for juvenile idiopathic arthritis: First steps, pediatric
rheumatology international trials organization international consensus. J Rheumatol
(2019) 46(2):190–7. doi: 10.3899/jrheum.180168

2. Petty RE, Zheng Q. Uveitis in juvenile idiopathic arthritis.World J Pediatr (2020)
16(6):562–5. doi: 10.1007/s12519-019-00331-6

3. Lazar C, Spirchez M, Stefan M, Predeteanu D, Nicoara S, Crisan M, et al.
Diagnosis and treatment of uveitis associated with juvenile idiopathic arthritis. Med
Pharm Rep (2021) 94(Suppl No 1):S28–32. doi: 10.15386/mpr-2224

4. Sahin S, Acari C, Sonmez HE, Kilic FZ, Sag E, Dundar HA, et al. Frequency of
juvenile idiopathic arthritis and associated uveitis in pediatric rheumatology clinics in
Turkey: A retrospective study, JUPITER. Pediatr Rheumatol Online J (2021) 19(1):134.
doi: 10.1186/s12969-021-00613-2

5. Quartier P. Juvenile idiopathic arthritis-associated chronic uveitis: Recent
therapeutic approaches. J Clin Med (2021) 10(13):2934. doi: 10.3390/jcm10132934

6. Takeuchi M, Mizuki N, Ohno S. Pathogenesis of non-infectious uveitis elucidated
by recent genetic findings. Front Immunol (2021) 12:640473. doi: 10.3389/
fimmu.2021.640473

7. Canovas R, Cobb J, Brozynska M, Bowes J, Li YR, Smith SL, et al. Genomic risk
scores for juvenile idiopathic arthritis and its subtypes. Ann Rheum Dis (2020) 79
(12):1572–9. doi: 10.1136/annrheumdis-2020-217421

8. Rosenbaum JT. New developments in uveitis associated with HLA B27. Curr
Opin Rheumatol (2017) 29(4):298–303. doi: 10.1097/BOR.0000000000000403

9. Kessler H, Jiang K, Jarvis JN. Using chromatin architecture to understand the
genetics and transcriptomics of juvenile idiopathic arthritis. Front Immunol (2018)
9:2964. doi: 10.3389/fimmu.2018.02964

10. Wakefield D, Clarke D, McCluskey P. Recent developments in HLA B27
anterior uveitis. Front Immunol (2020) 11:608134. doi: 10.3389/fimmu.2020.608134

11. Huang XF, Brown MA. Progress in the genetics of uveitis. Genes Immun (2022)
23(2):57–65. doi: 10.1038/s41435-022-00168-6

12. Paroli M, Spadea L, Caccavale R, Spadea L, Paroli MP, Nante N. The role of
interleukin-17 in juvenile idiopathic arthritis: From pathogenesis to treatment.
Medicina (Kaunas) (2022) 58(11):1552. doi: 10.3390/medicina58111552

13. Patrick AE, Shoaff K, Esmond T, Patrick DM, Flaherty DK, Graham TB, et al.
Increased development of Th1, Th17, and Th1.17 cells under T1 polarizing conditions
in juvenile idiopathic arthritis. Front Immunol (2022) 13:848168. doi: 10.3389/
fimmu.2022.848168

14. Carlsson E, Midgley A, Perkins S, Caamano-Gutierrez E, Gritzfeld JF, Beresford
MW, et al. Serum protein signatures differentiate paediatric autoimmune/inflammatory
disorders. Clin Immunol (2021) 229:108790. doi: 10.1016/j.clim.2021.108790

15. Rosenbaum JT, Harrington CA, Searles RP, Fei SS, Zaki A, Arepalli S, et al.
Identifying RNA biomarkers and molecular pathways involved in multiple subtypes of
uveitis. Am J Ophthalmol (2021) 226:226–34. doi: 10.1016/j.ajo.2021.01.007

16. Brown RA, Henderlight M, Do T, Yasin S, Grom AA, DeLay M, et al.
Neutrophils from children with systemic juvenile idiopathic arthritis exhibit
persistent proinflammatory activation despite long-standing clinically inactive
disease. Front Immunol (2018) 9:2995. doi: 10.3389/fimmu.2018.02995

17. Sonoda KH, Yoshimura T, Egashira K, Charo IF, Ishibashi T. Neutrophil-
dominant experimental autoimmune uveitis in CC-chemokine receptor 2 knockout
mice. Acta Ophthalmol (2011) 89(2):e180–8. doi: 10.1111/j.1755-3768.2010.01953.x

18. Zhang Z, Zhong W, Spencer D, Chen H, Lu H, Kawaguchi T, et al. Interleukin-
17 causes neutrophil mediated inflammation in ovalbumin-induced uveitis in DO11.10
mice. Cytokine (2009) 46(1):79–91.doi: 10.1016/j.cyto.2008.12.019
19. Minns D, Smith KJ, Alessandrini V, Hardisty G, Melrose L, Jackson-Jones L,
et al. The neutrophil antimicrobial peptide cathelicidin promotes Th17 differentiation.
Nat Commun (2021) 12(1):1285. doi: 10.1038/s41467-021-21533-5

20. Taylor PR, Roy S, Leal SMJr., Sun Y, Howell SJ, Cobb BA, et al. Activation of
neutrophils by autocrine IL-17A-IL-17RC interactions during fungal infection is
regulated by IL-6, IL-23, RORgammat and dectin-2. Nat Immunol (2014) 15(2):143–
51. doi: 10.1038/ni.2797

21. Liu B, Dhanda A, Hirani S, Williams EL, Sen HN, Martinez Estrada F, et al.
CD14++CD16+ monocytes are enriched by glucocorticoid treatment and are
functionally attenuated in driving effector T cell responses. J Immunol (2015) 194
(11):5150–60. doi: 10.4049/jimmunol.1402409

22. Jiang K, Wong L, Sawle AD, Frank MB, Chen Y, Wallace CA, et al. Whole blood
expression profiling from the TREAT trial: insights for the pathogenesis of
polyarticular juvenile idiopathic arthritis. Arthritis Res Ther (2016) 18(1):157. doi:
10.1186/s13075-016-1059-1

23. Bhattacharya S, Dunn P, Thomas CG, Smith B, Schaefer H, Chen J, et al.
ImmPort, toward repurposing of open access immunological assay data for
translational and clinical research. Sci Data (2018) 5:180015. doi: 10.1038/sdata.2018.15

24. Langfelder P, Horvath S. WGCNA: an r package for weighted correlation
network analysis. BMC Bioinf (2008) 9:559. doi: 10.1186/1471-2105-9-559

25. Geng X, Wu X, Yang Q, Xin H, Zhang B, Wang D, et al. Whole transcriptome
sequencing reveals neutrophils’ transcriptional landscape associated with active
tuberculosis. Front Immunol (2022) 13:954221. doi: 10.3389/fimmu.2022.954221

26. Hu H, Miao YR, Jia LH, Yu QY, Zhang Q, Guo AY. AnimalTFDB 3.0: a
comprehensive resource for annotation and prediction of animal transcription factors.
Nucleic Acids Res (2019) 47(D1):D33–D8. doi: 10.1093/nar/gky822

27. Zhang Q, Liu W, Zhang HM, Xie GY, Miao YR, Xia M, et al. hTFtarget: A
comprehensive database for regulations of human transcription factors and their
targets. Genomics Proteomics Bioinf (2020) 18(2):120–8. doi: 10.1016/j.gpb.2019.09.006

28. Kolmykov S, Yevshin I, Kulyashov M, Sharipov R, Kondrakhin Y, Makeev VJ,
et al. GTRD: an integrated view of transcription regulation. Nucleic Acids Res (2021) 49
(D1):D104–D11. doi: 10.1093/nar/gkaa1057

29. Huang Z, Shi J, Gao Y, Cui C, Zhang S, Li J, et al. HMDD v3.0: a database for
experimentally supported human microRNA-disease associations. Nucleic Acids Res
(2019) 47(D1):D1013–D7. doi: 10.1093/nar/gky1010

30. Huang HY, Lin YC, Cui S, Huang Y, Tang Y, Xu J, et al. miRTarBase update
2022: an informative resource for experimentally validated miRNA-target interactions.
Nucleic Acids Res (2022) 50(D1):D222–D30. doi: 10.1093/nar/gkab1079

31. Zhou Y, Zhou B, Pache L, Chang M, Khodabakhshi AH, Tanaseichuk O, et al.
Metascape provides a biologist-oriented resource for the analysis of systems-level
datasets. Nat Commun (2019) 10(1):1523. doi: 10.1038/s41467-019-09234-6

32. Raudvere U, Kolberg L, Kuzmin I, Arak T, Adler P, Peterson H, et al. g:Profiler: a
web server for functional enrichment analysis and conversions of gene lists (2019
update). Nucleic Acids Res (2019) 47(W1):W191–W8. doi: 10.1093/nar/gkz369

33. Prete M, Dammacco R, Fatone MC, Racanelli V. Autoimmune uveitis: clinical,
pathogenetic, and therapeutic features. Clin Exp Med (2016) 16(2):125–36. doi:
10.1007/s10238-015-0345-6

34. Acevedo A, Gonzalez-Billault C. Crosstalk between Rac1-mediated actin
regulation and ROS production. Free Radic Biol Med (2018) 116:101–13. doi:
10.1016/j.freeradbiomed.2018.01.008

35. Woods B, Lew DJ. Polarity establishment by Cdc42: Key roles for positive
feedback and differential mobility. Small GTPases (2019) 10(2):130–7. doi: 10.1080/
21541248.2016.1275370
frontiersin.org

https://www.frontiersin.org/articles/10.3389/fimmu.2023.1048598/full#supplementary-material
https://www.frontiersin.org/articles/10.3389/fimmu.2023.1048598/full#supplementary-material
https://doi.org/10.3899/jrheum.180168
https://doi.org/10.1007/s12519-019-00331-6
https://doi.org/10.15386/mpr-2224
https://doi.org/10.1186/s12969-021-00613-2
https://doi.org/10.3390/jcm10132934
https://doi.org/10.3389/fimmu.2021.640473
https://doi.org/10.3389/fimmu.2021.640473
https://doi.org/10.1136/annrheumdis-2020-217421
https://doi.org/10.1097/BOR.0000000000000403
https://doi.org/10.3389/fimmu.2018.02964
https://doi.org/10.3389/fimmu.2020.608134
https://doi.org/10.1038/s41435-022-00168-6
https://doi.org/10.3390/medicina58111552
https://doi.org/10.3389/fimmu.2022.848168
https://doi.org/10.3389/fimmu.2022.848168
https://doi.org/10.1016/j.clim.2021.108790
https://doi.org/10.1016/j.ajo.2021.01.007
https://doi.org/10.3389/fimmu.2018.02995
https://doi.org/10.1111/j.1755-3768.2010.01953.x
https://doi.org/10.1016/j.cyto.2008.12.019
https://doi.org/10.1038/s41467-021-21533-5
https://doi.org/10.1038/ni.2797
https://doi.org/10.4049/jimmunol.1402409
https://doi.org/10.1186/s13075-016-1059-1
https://doi.org/10.1038/sdata.2018.15
https://doi.org/10.1186/1471-2105-9-559
https://doi.org/10.3389/fimmu.2022.954221
https://doi.org/10.1093/nar/gky822
https://doi.org/10.1016/j.gpb.2019.09.006
https://doi.org/10.1093/nar/gkaa1057
https://doi.org/10.1093/nar/gky1010
https://doi.org/10.1093/nar/gkab1079
https://doi.org/10.1038/s41467-019-09234-6
https://doi.org/10.1093/nar/gkz369
https://doi.org/10.1007/s10238-015-0345-6
https://doi.org/10.1016/j.freeradbiomed.2018.01.008
https://doi.org/10.1080/21541248.2016.1275370
https://doi.org/10.1080/21541248.2016.1275370
https://doi.org/10.3389/fimmu.2023.1048598
https://www.frontiersin.org/journals/immunology
https://www.frontiersin.org


Zheng et al. 10.3389/fimmu.2023.1048598
36. Haga RB, Ridley AJ. Rho GTPases: Regulation and roles in cancer cell biology.
Small GTPases (2016) 7(4):207–21. doi: 10.1080/21541248.2016.1232583

37. Liu T, Zhang L, Joo D, Sun SC. NF-kappaB signaling in inflammation. Signal
Transduct Target Ther (2017) 2:e17023. doi: 10.1038/sigtrans.2017.23

38. Oh SM, Pyo CW, Kim Y, Choi SY. Neutrophil lactoferrin upregulates the human
p53 gene through induction of NF-kappaB activation cascade. Oncogene (2004) 23
(50):8282–91. doi: 10.1038/sj.onc.1208021

39. Peckham H, Cambridge G, Bourke L, Sen D, Radziszewska A, Leandro M, et al.
Antibodies to cyclic citrullinated peptides in patients with juvenile idiopathic arthritis
and patients with rheumatoid arthritis: Shared expression of the inherently autoreactive
9G4 idiotype. Arthritis Rheumatol (2017) 69(7):1387–95. doi: 10.1002/art.40117

40. Scola MP, Thompson SD, Brunner HI, Tsoras MK, Witte D, Van Dijk MA, et al.
Interferon-gamma:interleukin 4 ratios and associated type 1 cytokine expression in
juvenile rheumatoid arthritis synovial tissue. J Rheumatol (2002) 29(2):369–78.

41. Zhong Z, Su G, Kijlstra A, Yang P. Activation of the interleukin-23/interleukin-
17 signalling pathway in autoinflammatory and autoimmune uveitis. Prog Retin Eye Res
(2021) 80:100866. doi: 10.1016/j.preteyeres.2020.100866

42. Balamurugan S, Das D, Hasanreisoglu M, Toy BC, Akhter M, Anuradha VK,
et al. Interleukins and cytokine biomarkers in uveitis. Indian J Ophthalmol (2020) 68
(9):1750–63. doi: 10.4103/ijo.IJO_564_20

43. Angeles-Han ST, Utz VM, Thornton S, Schulert G, Rodriguez-Smith J,
Kauffman A, et al. S100 proteins, cytokines, and chemokines as tear biomarkers in
children with juvenile idiopathic arthritis-associated uveitis. Ocul Immunol
Inflammation (2021) 29(7-8):1616–20. doi: 10.1080/09273948.2020.1758731

44. Haasnoot AJW, Kuiper JJW, de Boer JH. Predicting uveitis in juvenile idiopathic
arthritis: from biomarkers to clinical practice. Expert Rev Clin Immunol (2019) 15
(6):657–66. doi: 10.1080/1744666X.2019.1593139

45. Jin X, Shou Z, Shao Y, Bian P. Zoledronate-induced acute anterior uveitis: a
three-case report and brief review of literature. Arch Osteoporos (2021) 16(1):104. doi:
10.1007/s11657-021-00964-z

46. Lin CJ, Tien PT, Lai CT, Hsia NY, Chang CH, Bair H, et al. Chronic kidney
disease as a potential risk factor for uveitis: A 13-year nationwide population-based
cohort study in Taiwan. Ocul Immunol Inflammation (2021) 30(7-8):1919–25.
doi: 10.1080/09273948.2021.1976213

47. Gicchino MF, Di Sessa A, Guarino S, Miraglia Del Giudice E, Olivieri AN,
Marzuillo P. Prevalence of and factors associated to chronic kidney disease and
hypertension in a cohort of children with juvenile idiopathic arthritis. Eur J Pediatr
(2021) 180(2):655–61. doi: 10.1007/s00431-020-03792-4

48. Varma S. Juvenile rheumatoid arthritis with focal segmental glomerulosclerosis: a
rare association. Pediatr Nephrol (2010) 25(10):2189–90. doi: 10.1007/s00467-010-1504-3

49. Akhtar N, Kiran S, Hussain A, Suleman BA, Jaleel S. Renal amyloidosis in
juvenile rheumatoid arthritis. J Coll Physicians Surg Pak (2009) 19(2):130–2.
Frontiers in Immunology 10
50. Yoodee S, Peerapen P, Plumworasawat S, Thongboonkerd V. ARID1A
knockdown in human endothelial cells directly induces angiogenesis by regulating
angiopoietin-2 secretion and endothelial cell activity. Int J Biol Macromol (2021) 180:1–
13. doi: 10.1016/j.ijbiomac.2021.02.218

51. Swidrowska-Jaros J, Smolewska E. A fresh look at angiogenesis in juvenile
idiopathic arthritis. Cent Eur J Immunol (2018) 43(3):325–30. doi: 10.5114/
ceji.2018.80052

52. Degroote RL, Deeg CA. Immunological insights in equine recurrent uveitis.
Front Immunol (2020) 11:609855. doi: 10.3389/fimmu.2020.609855

53. Swidrowska J, Smolewski P, Stanczyk J, Smolewska E. Serum angiogenesis
markers and their correlation with ultrasound-detected synovitis in juvenile idiopathic
arthritis. J Immunol Res (2015) 2015:741457. doi: 10.1155/2015/741457

54. Yang X, Wang X, Lei L, Su Y, Zou Y, Liu H, et al. Arid1a promotes thymocyte
development through beta-selection-dependent and beta-selection-independent
mechanisms. Immunology (2022) 165(4):402–13. doi: 10.1111/imm.13440

55. Astori A, Tingvall-Gustafsson J, Kuruvilla J, Coyaud E, Laurent EMN,
Sunnerhagen M, et al. ARID1a associates with lymphoid-restricted transcription
factors and has an essential role in T cell development. J Immunol (2020) 205
(5):1419–32. doi: 10.4049/jimmunol.1900959

56. Wigton EJ, Mikami Y, McMonigle RJ, Castellanos CA, Wade-Vallance AK,
Zhou SK, et al. MicroRNA-directed pathway discovery elucidates an miR-221/222-
mediated regulatory circuit in class switch recombination. J Exp Med (2021) 218(11):
e20201422. doi: 10.1084/jem.20201422

57. Hu Y, Wang X, Song J, Wu J, Xu J, Chai Y, et al. Chromatin remodeler ARID1A
binds IRF3 to selectively induce antiviral interferon production in macrophages. Cell
Death Dis (2021) 12(8):743. doi: 10.1038/s41419-021-04032-9

58. Olafsson S, McIntyre RE, Coorens T, Butler T, Jung H, Robinson PS, et al.
Somatic evolution in non-neoplastic IBD-affected colon. Cell (2020) 182(3):672–84 e11.
doi: 10.1016/j.cell.2020.06.036

59. Kamiya Y, Kawada J, Kawano Y, Torii Y, Kawabe S, Iwata N, et al. Serum
microRNAs as potential biomarkers of juvenile idiopathic arthritis. Clin Rheumatol
(2015) 34(10):1705–12. doi: 10.1007/s10067-015-2922-1

60. Ma X, Wu F, Xin L, Su G, He F, Yang Y, et al. Differential plasma microRNAs
expression in juvenile idiopathic arthritis. Mod Rheumatol (2016) 26(2):224–32. doi:
10.3109/14397595.2015.1060663

61. Schulert GS, Fall N, Harley JB, Shen N, Lovell DJ, Thornton S, et al. Monocyte
MicroRNA expression in active systemic juvenile idiopathic arthritis implicates
MicroRNA-125a-5p in polarized monocyte phenotypes. Arthritis Rheumatol (2016)
68(9):2300–13. doi: 10.1002/art.39694

62. Watanabe T, Keino H, Kudo A, Sato Y, Okada AA. MicroRNAs in retina during
development of experimental autoimmune uveoretinitis in rats. Br J Ophthalmol (2016)
100(3):425–31. doi: 10.1136/bjophthalmol-2015-306924
frontiersin.org

https://doi.org/10.1080/21541248.2016.1232583
https://doi.org/10.1038/sigtrans.2017.23
https://doi.org/10.1038/sj.onc.1208021
https://doi.org/10.1002/art.40117
https://doi.org/10.1016/j.preteyeres.2020.100866
https://doi.org/10.4103/ijo.IJO_564_20
https://doi.org/10.1080/09273948.2020.1758731
https://doi.org/10.1080/1744666X.2019.1593139
https://doi.org/10.1007/s11657-021-00964-z
https://doi.org/10.1080/09273948.2021.1976213
https://doi.org/10.1007/s00431-020-03792-4
https://doi.org/10.1007/s00467-010-1504-3
https://doi.org/10.1016/j.ijbiomac.2021.02.218
https://doi.org/10.5114/ceji.2018.80052
https://doi.org/10.5114/ceji.2018.80052
https://doi.org/10.3389/fimmu.2020.609855
https://doi.org/10.1155/2015/741457
https://doi.org/10.1111/imm.13440
https://doi.org/10.4049/jimmunol.1900959
https://doi.org/10.1084/jem.20201422
https://doi.org/10.1038/s41419-021-04032-9
https://doi.org/10.1016/j.cell.2020.06.036
https://doi.org/10.1007/s10067-015-2922-1
https://doi.org/10.3109/14397595.2015.1060663
https://doi.org/10.1002/art.39694
https://doi.org/10.1136/bjophthalmol-2015-306924
https://doi.org/10.3389/fimmu.2023.1048598
https://www.frontiersin.org/journals/immunology
https://www.frontiersin.org

	Study of the shared gene signatures of polyarticular juvenile idiopathic arthritis and autoimmune uveitis
	1 Introduction
	2 Material and methods
	2.1 GEO datasets download and processes
	2.2 Identification of shared differentially expressed genes
	2.3 Weighted gene co-expression network analysis of immune-related genes
	2.4 The common transcription factors- shared DEGs network construction
	2.5 The common microRNAs-shared DEGs network construction
	2.6 The function enrichment analysis of gene sets

	3 Results
	3.1 The shared DEGs in pJIA and AU
	3.2 The WGCNA of IRGs
	3.3 The common TFs- shared DEGs network construction
	3.4 The miRNA targeted shared DEGs
	3.5 The functional analyses of gene sets

	4 Discussion
	Conclusion
	Data availability statement
	Author contributions
	Supplementary material
	References



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /PageByPage
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages false
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 1
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness false
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages false
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages false
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages false
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages false
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages false
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages false
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /ENU (T&F settings for black and white printer PDFs 20081208)
  >>
  /ExportLayers /ExportVisibleLayers
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /BleedOffset [
        0
        0
        0
        0
      ]
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /ClipComplexRegions true
        /ConvertStrokesToOutlines false
        /ConvertTextToOutlines false
        /GradientResolution 300
        /LineArtTextResolution 1200
        /PresetName ([High Resolution])
        /PresetSelector /HighResolution
        /RasterVectorBalance 1
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks true
      /IncludeHyperlinks true
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MarksOffset 6
      /MarksWeight 0.250000
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PageMarksFile /RomanDefault
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
    <<
      /AllowImageBreaks true
      /AllowTableBreaks true
      /ExpandPage false
      /HonorBaseURL true
      /HonorRolloverEffect false
      /IgnoreHTMLPageBreaks false
      /IncludeHeaderFooter false
      /MarginOffset [
        0
        0
        0
        0
      ]
      /MetadataAuthor ()
      /MetadataKeywords ()
      /MetadataSubject ()
      /MetadataTitle ()
      /MetricPageSize [
        0
        0
      ]
      /MetricUnit /inch
      /MobileCompatible 0
      /Namespace [
        (Adobe)
        (GoLive)
        (8.0)
      ]
      /OpenZoomToHTMLFontSize false
      /PageOrientation /Portrait
      /RemoveBackground false
      /ShrinkContent true
      /TreatColorsAs /MainMonitorColors
      /UseEmbeddedProfiles false
      /UseHTMLTitleAsMetadata true
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


